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Table 1: The effect of the ratio of rice bran and stickwater on drying time (min), yield (%) and proximate analysis

(%) of the prototypes*
Ratio O.f stickwater Drying time Yield Moisture Protein Fat Ash
to rice bran
1:0.42 524600 0.89°462.90  0.86%t9.14 0.55%+18.38 0.34%+33.76 0.29°£7.10
1:0.65 5b+480 0.83°+63.72  0.72°+8.91 0.26°+17.25  0.45'+32.63 0.36Y+7.82
11 5¢4+360 0.592£67.70  0.59°+8.82 0.47°+16.45 0.82°+31.51 0.62%+8.16

At Hhre GBIl b ol jes 1SG A Sl lael®

AP+ 0) Dyls (g lo gime DS o2 | d)LcT Sl aglate By slls sl SKils ygiw 2,0 ¥
* Numbers are average of 3 replicates with standard deviation.
a¢ Different letters show statistical significance in each column (p<0.05).
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Table 2: Comparison of proximate analysis and some physicochemical parameters of stickwater, rice bran and
codried stickwater with rice bran*

Parameter Stickwater Rice bran Codried stickwater with rice bran (1:1)
Moisture (%) 0.78%:70.30 0.85°+11.10 0.11°+8.82
Protein (%) 0.18°+£11.02 0.90°+13.24 0.55%+16.45
Fat (%) 0.15°+17.51 0.35°+16.63 0.18%+31.51
Fiber (%) - 0.78+11.51 0.65+12.10
Ash (%) 0.15°+1.11 0.11%+9.88 0.14+8.16
pH 0.11%£6.61 0.90°+6.11 0.21°+6.06
Calcium (%) 0.02°+0.18 0.05°+1.20 0.02+1.50
Phosphorus (%) 006°+1.33 0.08°+1.50 0.012+2.29
Peroxide value (meg/kg) 0.10°+5.90 0.05°£1.56 0.082+£22.07
TVB-N (mg/100g) 0.22°+15.01 - 0.23%+46.20
ADIN - 0.01+0.74 0.01+0.76
NDF - 0.03%:29.14 0.04°+9.84
ADF - 0.05%+16.30 0.02°+6.61
NPN (%) - - -
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* Numbers are average of 3 replicates with standard deviation.
a¢ Different letters show statistical significance in each row (p<0.05).

ADIN: Acid Detergent Insoluble Nitrogen, NDF: Neutral Detergent Fiber, TVB-N: Total Volatile Base Nitrogen

Acid Detergent Fiber, NPN: Non-Protein Nitrogen ADF:
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Table 3: Fatty acid profile of stickwater, rice bran and codried stickwater with rice bran (%) *

Fatty acid Stickwater Rice bran Codried stickwater with rice bran (1:1)
Myristic acid C14:0 0.12%+6.94 0.03°+0.33 0.02°+2.58
Myristoleic acid C14:1 - 0.04%£0.11 0.01°+0.09
Palmitic acid C16:0 0.63%+12.13 0.65°+17.26 0.032+23.01
Palmitoleic acid C16:1n-7 0.43%+10.98 0.01°+0.20 0.14+4.22
Margaric acid C17:0 0.03%:1.25 - 0.41°+1.09
Heptadecanoic acid C17:1n-7 0.012£0.95 - 0.01b+0.40
Stearic acid C18:0 0.222£5.05 0.45°+1.95 0.13+4.15
Oleic acid C18:1n-9 0.45°+29.09 0.26%+44.17 0.32°+37.60
Vaccenic acid C18:1n-7 0.03%+1.51 - 0.00+0.01
Linoleic acid C18:2n-6 0.21°+2.11 0.65%+31.42 0.13+20.15
Linolenic acid C18:3n-3 0.24°+£0.13 0.112£1.50 0.14%+0.30
Arachidic acid C20:0 0.41%4+1.39 0.03°+£0.67 0.01°+0.32
Gadoleic acid C20:1n-9 0.432+£1.85 0.07°+1.62 0.01°+0.48
Eicosadienoic acid C20:2n-6 0.012+0.15 - 0.00°+0.06
Eicosatrienoic acid C20:3n-3 0.02%+0.38 - 0.00°+0.08
Arachidonic acid C20:4n-6 0.012+0.28 - 0.00°+0.05
Eicosapentaenoic acid C20:5n-3 0.43%+5.44 - 0.01°+2.07
Behenic acid C22:0 0.01v+0.22 0.032£0.40 0.01°+0.15
Erucic acid C22:1n-9 0.012£0.16 - 0.00°+0.01
Docosatetraenoic acid C22:4n-6 0.012+0.20 - 0.00°+0.01
Docosapentaenoic acid C22:5n-3 0.01°+0.59 - 0.00°+0.09
Docosahexaenoic acid C22:6n-3 0.33°+8.58 - 0.01°+3.05
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* Numbers are average of 3 replicates with standard deviation.
&¢ Different letters show statistical significance in each row (p<0.05).
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Table 4. Amino acid profile of stick water, rice bran and codried stickwater with rice bran (%)*

Amino acid Stickwater Rice bran Codried stickwater with rice bran (1:1)
Aspartic acid 0.312£8.60 0.13°£1.42 0.22b+5.58
Glutamic acid 0.242£13.40 0.13°£2.25 0.17%+6.18
Serine 0.302+£4.10 0.03°+£0.78 0.12v+2.81
Histidine 0.11%£2.90 0.10°+0.52 0.130+1.32
Glycine 0.21%+8.52 0.03°+0.94 0.65"+5.81
Threonine 0.032+2.21 0.12°+0.64 0.17°+1.21
Arginine 0.4124+3.82 0.33%+1.24 0.25b+2.51
Alanine 0.13*+6.30 0.12°+1.23 0.11°+4.12
Tyrosine 0.10%£1.32 0.04°+0.59 0.05+0.76
Methionine 0.13%£1.71 0.03°t£0.14 0.01°+0.87
Valine 0.31%£2.23 0.13°+0.89 0.320+1.11
Phenylalanine 0.232£1.81 0.12°+£0.95 0.11b+1.51
Isoleucine 0.10%+3.80 0.21°+0.69 0.13+2.16
Leucine 0.13%+3.32 0.08°+1.47 0.09°+2.26
Lysine 0.142+5.58 0.03%+1.01 0.31°+4.11
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* Numbers are average of 3 replicates with standard deviation.
a¢ Different letters show statistical significance in each row (p<0.05).
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Table S: Apparent and real metabolizable energy values
of codried stickwater with rice bran (kcal per kg)

Parameter value
Apparent metabolizable energy (AME) 4012.3
Apparent metabolizable energy corrected 3656.7
for nitrogen (AMEn)

True Metabolizable Energy (TME) 4447.0
True metabolizable energy corrected for 4172.6

nitrogen (TMEn)
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Introduction

Stickwater is a solution obtained by squeezing cooked fish meat in the process of producing fishmeal. It
contains soluble proteins, fat, insoluble solids, vitamins, and minerals, constituting more than 60% of the
weight of the raw material. In advanced fishmeal factories, after separating the fish oil, the stickwater is
concentrated and added to the cooked and compressed fish meat to increase the amount of protein and
other nutrients in the fishmeal. In the fishmeal production factories in Iran, the stickwater concentration
process is not carried out, and it is discharged into the environment after incomplete oil separation. This
not only causes economic loss but also leads to various environmental problems. However, research has
shown that stickwater obtained from the fish meal production process can serve as an excellent adhesive
agent in animal feed formulation as well as a potent absorbent and appetite enhancer for farmed aquatic
animals. Therefore, a co-drying process of stickwater with drying aids was developed to address these
issues and create a new product for livestock, poultry, and aquatic animals feed. Rice bran, a main
byproduct of rice milling, is commonly used in animal feed due to its nutritional value. It can also serve as
a processing aid or drying aid for drying stickwater. The affordability and accessibility of rice bran,
coupled with its nutritional benefits, make it an ideal material for this purpose. Despite a lack of scientific
reports on the drying of stickwater using drying aids for animal and aquatic feed, production of this
innovative approach shows promise in increasing the nutritional value of rice bran while economically
drying stickwater. The primary objective of this study was to determine the drying condition and
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nutritional value of the resulting prototypes for use in animal, poultry, and aquatic feed. However, the
obtained technical knowledge can solve the environmental problems related to the disposal of stickwater.
Methodology

The production process was conducted using a pilot-scale hot air dryer. After prototyping on a laboratory
scale, by keeping the temperature of the dryer constant, different ratios of stickwater rice to bran flour
(1:0.42, 1:0.65, and 1:1) were tested. The inlet air temperature was considered to be 65+5°C, and the
heating continued until the moisture content of the product was below 8%. The yield percentage,
proximate analysis including dry matter, crude protein, crude fiber, ether extract, ash, and pH, calcium,
phosphorus, fatty acid profile, amino acid profile, total volatile nitrogen (TVB-N), and peroxide index
were measured. The amount of nitrogen-free extract was also obtained by reducing the total percentage of
moisture, fat, protein, fiber, and ash from 100. The insoluble fibers in acid detergent (ADF), non-protein
nitrogen (NPN), insoluble nitrogen in acid detergent (ADIN), and neutral detergent insoluble fibers (NDF)
were also assessed. Measurement of these indexes is important for ruminant nutritionists and was
performed to evaluate the fiber components of the product and its nitrogen partitioning. The metabolizable
energy of the product was also tested.

Results

The study found that increasing the ratio of rice bran led to a decrease in the percentage of crude protein in
the final product and significantly reduced the drying time. The prototype with a ratio of 1 to 1 (rice bran
to stickwater) exhibited the highest production efficiency (67.70%) and the lowest amount of moisture
content (highest amount of dry matter), indicating its potential as an optimal feed supplementation. The
highest amount of crude fat and the lowest amount of ash were observed in combination with a ratio of
0.42to 1 (rice bran to stickwater), and the lowest amount of crude fat and the highest amount of ash were
observed in the product with a ratio of 1 to 1 (rice bran to stickwater), which showed a significant
difference with other samples (Table 1).

Table 1: The effect of the ratio of rice bran and stickwater on drying time (min), yield (%) and proximate analysis
(%) of the prototypes*

Ratio of stickwater

to rice bran Drying time Yield Moisture Protein Fat Ash
1:0.42 52+600 0.89"+62.90  0.86%9.14 0.55%+18.38  0.34%+33.76 0.29+7.10
1:0.65 5°+480 0.83*+63.72  0.72°+8.91 0.26°+17.25  0.45P+32.63 0.36"+7.82
1:1 5°+360 0.592£67.70  0.59°+8.82 0.47°£16.45  0.82°+31.51 0.62°+8.16

* Numbers are average of 3 replicates with standard deviation.
a¢ Different letters show statistical significance in each column (p<0.05).

The amount of nitrogen-free extract in the optimal prototype (ratio of 1 to 1 rice bran to stickwater) was
23.96%. The lowest moisture content and the highest peroxide index and TVB-N were observed in the
optimal product. The lowest amount of ash and the highest pH value was observed in stickwater, and the
highest amounts of insoluble fiber in acid and acid detergent (ADF and NDF) were observed in common
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rice bran. In general, the results showed that the nutritional value of the optimal prototype was higher
compared to stickwater and common rice bran. The levels of myristic, palmitoleic, heptadecanoic,
arachidic, gadolic, margaric, stearic, vaccinic, eicosadienoic, eicosatrianoic, eicosapentaenoic (EPA),
arachidonic, urosic, docosa-tetraanoic, docosapentaenoic, and docosahexaenoic (DHA) fatty acids in
stickwater were significantly higher than rice bran and co-dried stickwater. The levels of all amino acids
including aspartic acid, glutamic acid, serine, histidine, glycine, threonine, arginine, alanine, tyrosine,
methionine, valine, phenylalanine, isoleucine, leucine and lysine in stickwater dried with rice bran were
significantly higher than common rice bran and lower than stickwater. Apparent metabolizable energy
(AME) and true metabolizable energy (TME) in the optimal prototype were 4012 and 4447 respectively.
Discussion and conclusion

One of the most important issues in developing livestock, poultry, and aqua feed is the amount of
consumption energy in the production phase, which will directly affect the cost of the product. Increasing
the drying time will lead to more energy consumption and consequently increase the cost of the product.
On the other hand, this issue may also affect the quality of the product and can also show its negative
effect on animal performance. Therefore, due to the importance of drying time and production efficiency,
the product with a ratio of 1 to 1 (rice bran to stickwater) with the lowest drying time and the highest
production efficiency was selected as the optimal prototype. The use of drying aids is one of the methods
of drying liquids or materials with high humidity in the food industry and animal feed production. These
materials have moisture absorption properties and are used to reduce the moisture of the material intended
for drying and thus reduce the drying time. The use of these materials is very important from a technical
and economic point of view because it saves energy while minimizing the quality loss of the product. Rice
bran contains significant amounts of protein, fat, carbohydrates, and minerals, and as a result, it has
desirable physicochemical properties for formulation and feed production. The use of this technology can
improve the nutritional value of rice bran. The presence of proteins and lipids of marine origin in co-dried
stickwater with rice brans has positive effects on feeding livestock, poultry, and aquatic animals. The
innovative approach not only addresses environmental concerns related to stick water disposal but also
offers a cost-effective solution for fishmeal production units in the country.
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